The Usll gene of herpes simplex virus 1 (HSV-1) encodes a site-specific, basic, RNA-binding protein 
In the course of an attempt to determine whether the major viral regulatory protein binds to viral RNA, we discovered, as previously reported (31) , that cells infected with herpes simplex viruses 1 and 2 (HSV-1 and HSV-2) express a site-and conformational-specific RNA-binding activity. We mapped this activity to a single viral gene designated Usll; we further showed that Usll protein is the only viral gene product required for this activity and that Usll protein participates in the RNA/protein complex.
Us11 protein is a relatively small, basic protein that has been reported to localize in the nucleoli of infected cells (16) . In these respects, and in the possession of site-and conformation-specific RNA-binding activity, it is similar to the tat and rev regulatory proteins of human immunodeficiency virus (reviewed in reference 4). We have proposed that Usll protein might also act to regulate the accumulation of RNAs to which it binds. Nonetheless, several characteristics of Usll protein make it unusual for an HSV regulatory protein.
First, the Usll gene is a prototype Y2 or late HSV-1 gene (9) .
All other such genes for which a function has been described encode structural components of the virion (29) . Second, the Usll gene is completely dispensable for growth in several cell lines in which deletion mutants in that gene have been tested (15, 18, 21 
MATERIALS AND METHODS
Cells and viruses. HeLa (American Type Culture Collection) and HEp-2 (M.A. Bioproducts) cells were propagated and infected as previously described (10, 30) . The properties and propagation of HSV-1 strain F [HSV-1(F)] and the deletion mutants HSV-1(F)A305, R3630, and R3631 have been described elsewhere (6, 18, 24, 30) . Recombinant virus R3630-R was constructed by marker rescue of R3630 viral DNA by plasmid pRB421 (18) , which contains wild-type Usll and a47 gene sequences derived from HSV-1(F).
Recombinant virus R4231 was constructed by recombination between R3630 viral DNA and plasmid pRB4231, which contains the sequences of pRB421 into which a cytomegalovirus envelope glycoprotein epitope-encoding sequence (14) was inserted at an XhoI site immediately preceding the Usll ATG initiator codon. The methods used for cotransfection and selection of these recombinant viruses have been described elsewhere (25, 31) .
Isolation and analyses of RNA. Cytoplasmic RNA was purified as described by Jenkins and Howett (8) . Fractionation of RNAs on formaldehyde-agarose gels was done as described by Maniatis et al. (17) . Gels were blotted to Zeta-Probe membrane (Bio-Rad) and probed with strandspecific RNA probes, using protocols recommended by the manufacturer except that hybridization and washing of blots were carried out at 80°C. Probe for 5' and 3' end analysis were labeled with polynucleotide kinase and Klenow fragment, respectively, using standard procedures (17) . S1 analyses were done as described previously (8) .
Assays for RNA-binding activity. The generation and properties of a T7 RNA polymerase-transcribed probe from pRB3881 and methods for gel shift and RNase T1 protection RNA-binding assays were as previously described (31 4) , followed by electrophoresis on a nondenaturing polyacrylamide gel. As shown in the Fig. 1 , the electrophoretic mobility of the complex formed between Usll protein and the RNA probe is further retarded in the presence of the antibody. The retardation of the RNA probe by the antibody was dependent on interaction with Usll protein, since in the absence of U.11 protein the antibody had no effect on the migration of the probe (Fig. 1C, respectively. The remaining three could not be so assigned and were otherwise unusual in that although they accumulated in the cytoplasm, they were not retained on oligo(dT)-cellulose and were presumably nonpolyadenylated (Fig. 3B) (Fig. 3C) (19) .
RESULTS

Reactivity
another using the Eco-BstB fragment of pRB3979 which had been 3' end labeled at the EcoRI site to detect 3' ends of RNA (Fig. 4B) . The Si assay for RNA 3' ends (Fig. 5B) showed a 226-nucleotide (nt) protected fragment which peaked at the same position as A34 RNA and thus corresponds to the 3' end of the regulated transcript. The Si assay for RNA 5' ends, on the other hand, showed a single protected 262-nt fragment in all of the fractions which contained RNA detected by Northern analysis (Fig. SC) , suggesting that all of the major hybridizing species in the Northern assay, including the Usll-regulated RNA and the UL34 mRNA, share the same 5' end. This 5' end is associated with a consensus TATA box (Fig. 4D) . The U.11-regulated transcript thus appears to be a truncated form of the UL34 mRNA (Fig. 4B) . The length of the Usll-regulated RNA determined from the Si assays is 485 nt. This is consistent with the size of the transcript (about 450 nt) determined by Northern blotting using in vitro transcripts of fragments of the UL34 gene as size standards (not shown).
The DNA sequence in the vicinity of the 3' end of the US11-regulated A34 transcript is diagrammed in Fig. 4E .
There is no polyadenylation signal, consistent with the lack of a poly(A) tail in the accumulated RNA. Neither is there a good splice donor consensus (22) , though there is a GT dinucleotide (mandatory for a splice donor) within a few nucleotides of the 3' end. Rather, the transcript ends in a T-rich sequence, immediately in front of a run of six T residues in the sequence.
The 434 RNA sequence contains a Usll-binding site. Since A34 RNA is regulated by Usll and is encoded in the region of the genome shown to encode a Usll-bound RNA, it seemed likely that 434 RNA might be a substrate for Us11 binding. To test this directly, sequences encoding A34 RNA were transcribed in vitro and used as a probe in an RNase T, protection (binding) assay. In an initial experiment (Fig. 6A) , the probe was transcribed from a DraIII-AvaI fragment containing (i) all of the A34 sequence except 20 nt from the 5' end and (ii) an additional 31 nt beyond the 3' end (Fig. 6B) . This probe was incubated with proteins from uninfected (Fig. 6A, lanes 1 and 2) , wild-type-infected (lanes 3 and 4) , and US11--infected ( cantly decrease or even eliminate the accumulation of fulllength UL34 mRNA. This would be consistent with a premature termination mechanism similar to that operating for the c-myc, c-myb, and c-fos genes, since premature termination is most pronounced in differentiated cells (1, 2, 5, 7, 20) . It is therefore possible that the balance between formation of the truncated or full-length product is a regulatory switch or modulation point for genes regulated by Usll. The UL34 gene appears to be essential for growth in cell culture (26) , and the UL34 open reading frame has been proposed to encode a virion component (19) . To the degree that Usll-regulated genes are, like UL34, essential for viral replication, such regulation by Us11 can have a large effect on the viral life cycle.
